Clear-cell meningioma (CCM) is a rare, recently recognized variant of meningioma that shows clinically aggressive behavior often associated with a high recurrence rate and metastatic potential. CCM occurs in a wide range of ages but, on average, in younger patients than are affected by typical meningiomas. The most common primary locations of involvement include the spinal canal and posterior fossa. Radiographic appearances may or may not be typical for meningioma, making imaging distinction difficult. Histologically, the tumor may mimic other clear-cell neoplasms, and attention to specific immunochemical and ultrastructural features is critical for accurate diagnosis.
Her medical history included ipsilateral middle-ear cholesteatoma, end-stage pulmonary sarcoidosis requiring home oxygen, and a family history of lymphoma. On clinical examination, her right external auditory canal was indurated and contained macroscopic debris.
The patient underwent imaging studies including contrast-enhanced CT of the temporal bones and 3-Tesla MRI of the brain and skull base.
CT of the temporal bone demonstrated a soft-tissue mass involving the external auditory canal extending to the middle ear cavity. Permeative bone destruction was noted of the right squamous temporal bone, mastoid, tegmentum, and ossicular chain. The pre-auricular soft-tissue component of the mass contained multiple small, calcified fragments ( Fig. 1) .
Given probable intracranial extension, brain MR imaging was ordered. It demonstrated a large, infiltrative, multicompartmental lesion with both intracranial and extracranial extension. Intracranially, the mass was clearly extraaxial, with a CSF cleft between the lesion and the underlying cortex. The mass was predominately solid but also contained cystic components. Adjacent dural thickening and enhancement were seen (as expected with meningioma); however, there was also extensive leptomeningeal enhancement, unusual for typical meningioma. The lesion encroached on the sigmoid sinus, resulting in partial stenosis of the sinus without occlusion. Although no macroscopic intra-axial extension was appreciated, vasogenic edema was noted within the adjacent right temporal lobe, likely due to leptomeningeal extension of the tumor. The lesion was low signal on T2 and isointense to grey matter on T1. The solid component enhanced avidly and demonstrated mild diffusion restriction. We present a case of clear-cell meningioma occurring in a 72-year-old female presenting with an infiltrative external auditory canal mass (with both intracranial and extracranial extension and extensive leptomeningeal involvement) and facial nerve paralysis.
was observed, suggestive of perineural spread of disease (Figs. 2-5) .
We subsequently performed a CT-guided biopsy of the lesion in our department for histologic diagnosis. Multiple 18g core biopsies were obtained through the preauricular soft-tissue component of the mass. The lesion was rubbery in consistency and macroscopically pale in appearance.
Histologic sections of the biopsy cores showed neoplastic cells with clear cytoplasm and relatively bland, uniform nuclei (Fig. 6, A and B) . The neoplastic cells infiltrated as irregular groups and single cells through fibrous stroma. Clear cytoplasm is a distinctive feature; the differential diagnosis included a clear-cell carcinoma-such as metastatic renal-cell carcinoma or myoepithelial carcinoma-as well as CCM. Metastatic renal-cell carcinoma was excluded by negative immunohistochemistry for high-and lowmolecular-weight cytokeratins and the transcription factor Pax2; the neoplastic cells also lacked the characteristic capillary network of renal-cell carcinoma. A diagnosis of myoepithelial carcinoma was supported by strong nuclear immunoreactivity for p63 (Fig. 6D) ; however, cells did not stain with antibodies directed against low-molecular-weight cytokeratin and smooth-muscle actin, making this diagnosis much less likely. While the neoplasm generally lacked the typical "whorled" architecture of classic meningiomas, the diagnosis of a CCM was supported by strong membranous immunoreactivity for epithelial membrane antigen (EMA; clear immunoreactivity for progesterone receptor, also typical of meningiomas. While p63 positivity is not usually a feature of meningiomas, the rate of p63 nuclear expression in meningiomas increases with the grade of the lesion, and is reported to be present in 92% of grade-II meningiomas, a class that includes the CCM variant (1).
Discussion
Given our patient's clinical background, differential diagnoses based on imaging included meningioma, lymphoma, metastases, and sarcoidosis. The positive diffusion restriction in our case was felt to be representative of high cellularity and could be seen in the setting of either meningioma or lymphoma. Any of the above lesions could result in bony lysis. The dystrophic calcification would be unusual in the setting of lymphoma but could be seen in the setting of metastatic renal-cell carcinoma, meningioma, or sarcoidosis. Leptomemingeal disease can be seen with sarcoidosis, metastases, and atypical meningioma. Recurrent cholesteatoma and epidermoid cyst were excluded from our imaging differential, as these two entities would not enhance. Final histologic diagnosis confirmed clear-cell variant meningioma. CCM is a rare histological meningioma variant classified as Grade II of IV by the World Health Organization. The tumor is distinct from more typical meningiomas in that it is more locally aggressive, with a high recurrence rate and metastatic potential (2) . The tumor has distinct histologic features requiring differentiation from other clear-cell neoplasms including metastatic renal-cell carcinoma, pleomorphic xanthroastrocytoma, oligodendroglioma, hemangioblastoma, germinoma, lipid-rich glioblastoma, and clearcell ependymoma (2) (3) (4) .
CCM has no sex predilection. The average age of presentation reported in the literature is younger than that for typical meningioma, with a mean age in the mid to late twenties (2, (5) (6) (7) . CCM also differs in the frequency of sites of occurrence compared with typical meningioma. Typical meningioma most commonly involves the lateral convexities, parasagittal/parafalcine dura, and the sphenoid and middle cranial fossa (8) . In comparison, in the majority of cases, CCM presents as an intradural spinal lesion. Other frequent sites of involvement include the supratentorium, cerebellopontine angle, foramen magnum, and skull base (2, 5, 9). There have been reports of spinal lesions lacking a dural attachment, as well as cases presenting primarily as intraparenchymal masses (2, 10) .
Typical meningioma has the propensity to induce an osteoblastic reaction, resulting in adjacent bony sclerosis: however, in our case the pattern was one of permeative destruction, presumably reflecting bone invasion (8) . These tumors may induce vasogenic edema even in the absence of histologic parenchymal invasion, likely from pia-arachnoid invasion of tumor, but this feature is not seen exclusively in CCM. Evidence of leptomeningeal enhancement on preoperative neuroimaging may raise the possibility of CCM, but this has also been reported as associated with other meningioma subtypes (2) . Perineural disease, as seen in our case, has previously been described with atypical meningioma (11) . Macroscopic cysts are also uncommon for typical meningioma, seen in up to 23% of cases (8) , but this finding is also not specific for the clear-cell variant.
The importance of distinguishing CCM from other histologic subtypes of meningioma is that it has different biologic behavior, with higher propensity to recur or metastasize. This is paradoxical, as the neoplastic histology is relatively bland; anaplastic cytologic features are absent, and histologic mitotic indices are low (6, 7, 9) . Recurrence rates average 61%, with local recurrence being the most common manifestation. CSF dissemination and leptomemingeal spread have also been described. Intracranial CCM tends to recur more often than spinal CCM, with recurrence rates of 80% and 46%, respectively (2, 9) .
The mainstay of treatment is complete surgical excision. Radiotherapy/radiosurgery is usually reserved for tumor recurrence (2) . Our patient's treatment was challenging, given her poor respiratory reserve and extensive intracranial and extracranial involvement, requiring extensive debridement and reconstructive surgery. She underwent pre-operative arterial particle embolization, followed by subtotal resection.
In conclusion, the combination of a dural-based, extraaxial mass with leptomeningeal and perineural involvement, and cystic degeneration with or without an associated soft-tissue or osseous component should raise suspicion of CCM. Immunohistochemical stains may be essential for definitive diagnoss, to exclude other neoplasms with clear-cell features. Correct diagnosis is critical, as these patients require close surveillance, given the high risk of recurrence.
